To map the intellectual structure of human resource management studies in the past decade, this study investigated the most important publications and the most influential scholars as well as the correlations among these documents by analyzing 33,132 citations of 1,267 articles published by SSCI journals in human resource management area between 1996 and 2005. This study further mapped the invisible network of knowledge of human resource management using co-citation analysis. Such a mapping can help identify the paradigm shift of human resource management research, and provide a valuable tool for researchers to access the literature in this area. 
INTRODUCTION
The past decade has seen active research in human resource management and thus produced an impressive array of literature of human resource management. While research findings in human resource management can be disseminated to scientists and practitioners in the form of journal articles, papers, books, and other documents, scholars are easily confused with the research subjects and their contributions to the development of human resource management when faced with thousands of human resource management publications. Great efforts have been made to explore these issues, yet all the issues are usually discussed solely based on experts' subjective assessment, which often leads to many controversies in the study of human resource management area.
To approach these issues in a more objective manner, a generic model of invisible network of knowledge (INK) is proposed in this paper which can be used to map the intellectual structure in the human resource management area. With citation and co-citation analysis this model is able to explore the intellectual structure of any existent field, delineate its knowledge network, and further portrait its knowledge diffusion process. The invisible network of knowledge (INK) model is defined in this paper as a set of interlinked invisible nodes, represented by different publications with their frequency of citations, and the correlations of these publications. Each set of such nodes serves a specific purpose for the study of human resource management or any other field of interest.
Following Latour's study (1987) , this study uses epistemological scientometrics to portray the invisible network of knowledge in human resource management in order to identify the intellectual architects (who), the contributions of these intellectual architects (what), and the time and place in which they published them (when and where) in human resource management area. The purpose of this study is to map the intellectual structure of human resource management studies for the past decade between 1996 and 2005 and to explore the paradigm shifts of the invisible network of knowledge generation in the field of human resource management (Kuhn, 1962; . The results of this study will also help those who want to independently study the related fields of human resource management.
THE THEORY OF THE INVISIBLE NETWORK OF KNOWLEDGE The Concept of Knowledge
Knowledge is the output of learning and knowing process, just as plans are the output of the planning process. Gibbons and colleagues (1994) contend that the terms of science and knowledge are often used interchangeably to form scientific knowledge. In his book, Science in Action, Latour (1987) defined the knowledge in term of familiarity and argued that a novice should become familiar with the intended knowledge generation or production system of a given field in order to understand the nature, its potential uses, and the evolutionary process in this field over time.
The Concept of Network
Networks have long been used in engineering and science for managing complex systems. In engineering and sciences, the word network commonly refers to a system or a web of inter-linked sub-systems or components, each of which is optimally designed to perform a designated task effectively. Each sub-system is highly specialized, and generally draws on high levels of accumulated knowledge and expertise within its expected domain of operations. By optimal inter-linking of these components, engineers and scientists achieve a much broader, and more complex, range of functions and capabilities than the reach of individual components or sub-systems. In a strict theoretical sense, the system as a whole may not be truly optimal, yet it can be effective and flexible enough to perform the task at hand, well beyond the summed capabilities of its individual parts. The two important components of network are key nodes and linkages whereby key nodes point out the system resources for knowledge generation with their connections by way of linkages.
The Concept of Invisible College
The concept of invisible colleges in academics can be traced back to Derek Price's (1963) proposal. Price defines the concept of research networks in that scholars working in the same area of research are linked together in invisible colleges through such informal ties as telephone calls, conversations at professional meetings, and preprint distribution. Nicholas Mullins (1972) also confirmed Prices' view: researchers do claim to be stimulated relatively small groups of colleagues working on the same issues and building on each other's work. Wolek and Sanchez (1993) proposed that invisible college can be beneficial to a researcher to 1) identify specific colleagues working on the same or related topic; 2) learn what these colleagues know and are asking by communicating with them either through the literature or interpersonally; and 3) develop answers to these questions and communicate views via professional media.
The Concept of Invisible Network of Knowledge (INK)
Knowledge is complex and it is invisible. Consequently, it is very difficult for those who attempt to obtain knowledge because people have their own views concerning knowledge, which often results in misunderstanding about what is the knowledge add where the knowledge is residing. As a result, there's a strong need for an effective approach to helping people visualize knowledge, and further maintain and develop a common visualization and representation of knowledge. Chandy and William (1994) argue that every localized knowledge network is a part or sub-system of a broader and more general system. From that perspective, the knowledge network of one discipline could be viewed as an offshoot of its interacting foundational domains which are well-established sub-systems.
Adam Smith's "Invisible hand" reflects our appreciation of the elegant and smooth functioning of the market system as a coordinator of autonomous individual choices in an interdependent world. In a similar vein, because the development and diffusion of knowledge of one discipline can be formulated and changed by the nature and objective of relevant journals (especially those famous and major journals in this discipline), one discipline's journals can be regarded as an "invisible hand" to influence the locus of development and diffusion of the knowledge network of one given field.
Combining the concept of invisible college, the concept of invisible hand of journals, and the concept of knowledge seen as citation networks of scientific papers as most important scientists' communications (Price, 1965) , we created a concept of Invisible Network of Knowledge production of a discipline (an INK model) for this study in order to help make the invisible more visible. With the help of INK model, the process from knowing nothing to knowing something is obviously more cost-effective, especially with the computer-aided data mining (Kuhn, 1962) . In addition to the advantages of the traditional concept of knowledge network, INK model focuses more on the effect of invisible knowledge on a discipline (or a field) to make the invisible more visible by computer-aided epistemology. INK model can help map the knowledge network of a field (or a discipline) and reveal its locus of theory development and evolutionary trends.
The invisible network of knowledge (INK) model would be an effective meta-method to represent invisible knowledge of a field. An invisible network of a field in nature can be viewed as the repository of broad and complex sets of expertise, experience, and accumulated theoretical essentials in its various parts of knowledge, from which both inside and outside members can draw for helping advance and refine this field.
How Does the INK of Human Resource Management Develop?
An invisible network of knowledge of any given field embodies both the knowledge content of its nodes and the inter-linkages of those nodes within its domain and to other fields. It can be viewed as the organized and the de-facto mirror of a field. The invisible network of knowledge of human resource management could be viewed as an offshoot of its interacting foundational domains which are well-established sub-systems of human resource management (i.e. publications relevant to human resource management). Even though these constituent or foundational fields may not contain sufficient concepts, ideas, frameworks, or relevant theoretical essentials to provide adequate solutions for the emerging problems facing the field of human resource management, they create a conducive environment for the cross fertilization of the relevant parts of constituent fields. The process of consolidation will further energize the fledging network to develop further richness to deal with higher complexity than before through the development of more powerful and stronger linkages (Ma, 2005) . With more cross-cutting linkages formed among key nodes in the invisible network of knowledge, the new field becomes more integrated and more independent from its constituent domains and the field of human resource management develops and matures.
The landscape of a mature knowledge network in the human resource management field consists of a sufficiently large number of published articles, a great number of active researchers (the intellectual architects), and a large number of citations appearing in various media of the field of human resource management and elsewhere. In the following sections, we will be picturing the image of this invisible network, i.e., a collection of interconnected knowledge resources in terms of the intellectual, conceptual, or theoretical linkages, which is capable of portraying the developmental and diffusion patterns and processes in the knowledge system of human resource management area.
RESEARCH METHODOLOGY AND RESULTS
Based on the proposed INK model, the authors explored the intellectual structure of human resource management studies over the past decade between 1996 and 2005. This study chose this time period because the human resource management studies of the past decade represent the most important and the most updated research in human resource management area. Future analysis could take a longer period in order to have a longitudinal evolving picture in this area.
Citation and co-citation analysis is the main method for this study. With citation and co-citation analysis, this research assumed 3 phases, each of which required different approaches to examining the evolution of the human resource management studies. First, the databases were identified as the sources of human resource management publications. Then data collection and analysis techniques were designed to collect the desired information about the topics, authors, and journals on human resource management research.
In the second phase, the collected data were analyzed and systematized by sorting, summing, sub-totaling, ranking, and screening. After a series of operations, key nodes in the invisible network of knowledge in human resource management studies were identified and the structures developed. In the final stage, the knowledge network of human resource management was mapped to describe the knowledge distribution process in human resource management area. The objective of the third stage research was to project the future research directions by exploring the change pattern of star scholars or documents that have the most influence.
Identification of Databases
For the data presented here, the Social Science Citation Index (SSCI) was used as parts of the databases. The SSCI was widely used databases, which included citations published in about 2000 refereed journals. Using SSCI provided the most comprehensive and widely accepted databases of human resource management publications.
Unlike other prior studies, data used in this study were not drawn from journals chosen by the peer human resource management researchers (Holsapple, Johnson, Manakyan and Tanner, 1993; Walstrom and Leonard, 2000) . Instead, the entire databases of SSCI from 1996 to 2005 served as the universe for conducting the analysis. Among the journals included in SSCI, the Human Resource Management (HRM), the International Journal of Human Resource Management (IJHRM), the International Journal of Manpower (IJM), and the International Journal of Selection and Assessment (IJSA) are arguably the most influential journals publishing human resource management related papers and are thus used as the core sources for analysis. The advantage of choosing these journals is the "guaranteed quality" of their published papers and their clear boundaries of what are the acceptable methods and topics of the field as defined by the editorial policies of the specific journals. Moreover, using SSCI as the universe for the citation data collected in this study were also less subject to flaws in personal judgment of the academic merits of various publications.
Data Collection and Analysis
Citation data was first collected from the journals by counting the number of articles published in these journals and the references these articles cited between 1996 and 2005. Over the 10 years, these journals published 1267 journal articles which cited 33132 other publications as referenced in these articles. The cited publications in these papers include both published books and other journal articles.
The most influential articles with the most citation and the most influential scholars were then identified by their total counts of citation within the selected journals. Among all the cited journal articles, the most cited human resource management article between 1996 and 2005 was Mark Huselid's paper (1995) Table 2 ). Journal articles and books combined, the most cited scholar between 1996 and 2000 (the five years) was John Hunter, followed by Dave Ulrich and Gert Hofstede (See Table 3 ). For the second five years, this picture changed dramatically. The most cited scholar between 2001 and 2005 was David Chan, followed by Stephen Gilliland and Sara Rynes (See Table 4 ). These scholars have the most influence in the development in the human resource management area and thus collectively define this field. 
Mapping the Invisible Network of Knowledge Production
In this stage, data mapping was conducted and an intellectual structure of the human resource management studies was revealed by using co-citation analysis. Co-citation analysis is a bibliometric technique that information scientists use to map the intellectual structure of a research field. It involves counting documents from a chosen field -paired or co-cited documents. Co-citation studies compile co-citation counts in matrix form and statistically scale them to capture a snapshot at a distinct point in time of what is actually a changing and evolving structure of knowledge (Small, 1993) . Based on the total number of citations in the selected journals, the top 30 scholars were identified, and then a co-citation matrix was built before a pictorial map was drawn to describe the correlations among different publications. Because the SSCI only allow the co-citation analysis based on the total citations in the whole database, that is, the total number of citations within SSCI, not just the number of citations from the selected journals, the number of total citations used in Figure 1 and 2 were different from the ones listed in the tables. The publication associated with each author in Figure 1 and 2 was their representative publication. Figure 1 clearly indicated that the most influential scholars in the human resource management studies between 1996 and 2000 clustered together, and thus formed the intellectual pillars in human resource management research. One cluster is about human resource and sustainable competitive advantage, where Barney (1991) and Pfeffer (1994) were jointly defining this area. Another cluster is about effects of human resource systems on manufacturing performance as well as on the turnover rate, where Arthur (1994) , Huselid (1995) , and MacDuffie (1995) made great contributions and thus were highly co-cited in the human resource management studies. Barrick and Mount (1991) and Hunter and Hunter (1984) formed another cluster where the topic was about personality dimensions and other predictors of job performance. Another less complex cluster, Wright and McMahan (1992) , defined Strategic Human Resource Management, and thus was correlated with many other scholars. These different clusters formed the intellectual structure in human resource management studies.
More specifically, Barney (1991) first addressed the resource-based view of firm competitive advantage and four empirical indicators of the potential of firm resource to generate sustained competitive advantage -value, rareness, limitability, and substitutability. Pfeffer (1994) submitted that it is essential to care about people and their lives and well-being, and successful firms understand the message of gaining competitive through people. Wright and McMahan (1992) defined strategic human resource management (SHRM) as the pattern of planned human resource deployments and activities intended to enable an organization to achieve its objective. SHRM studies focused on explicating the strategic role that human resource can play in organizational functioning. Much of SHRM research focused on establishing a link between strategic human resource policies and practices and organizational level measures of performance. As part of this latter perspective, human resource systems are view as an integral part of the organizational 'architecture' that influences organizational effectiveness. Unlike traditional research in the human resource literature, SHRM research was typically conducted at business unit or organizational level. Reflecting this orientation, recent human resource management research focused on 'bundles' or systems of human resource policies and practices to promote skills, commitment, and performance so that employees became a source of sustainable organizational success (Levine,1995; Pfeffer, 1998) . With SHRM gaining its central status in the human resource management area, scholars began to explore the linkage between human resource practices, organizational performance, and company's competitive ability. Many researchers (Arthur, 1994; Becker & Gerhart, 1996; Huselid, 1995; Youndt et al., 1996) produced evidence of the value of progressive human resource practices and systems on company outcomes. Other studies found that there was a positive association between human-capital-enhancing human resource management and organizational outcomes (Cascio, 1991; Delaney & Huselid, 1996; Flamholtz, 1985; Huselid, 1995; Youndt et al., 1996) . In industrial settings, SHRM studies empirically linked human resource management systems with turnover (e.g., Arthur, 1994) , productivity (e.g. Arthur, 1994; Koch & McGrath, 1996; MacDuffie, 1995) , and product/service quality (e.g., MacDuffie, 1995; Youndt et al., 1996) , as shown in the topics of other research clusters in Figure 1 . Similarly, Figure 2 indicated that the major human resource management studies between 2001 and 2005 also clustered around several key research topics, and thus formed the intellectual structure in contemporary human resource management research. The appearance of more clusters in Figure 2 and the disappearance of the cluster represented by Wright and McMahan (1992) showed that a paradigm shift has occurred (Kuhn, 1962) . Besides the traditional research stream on the impact of human resource system on turnover, productivity, and other organizational performance, as studied by the cluster consisting of Barney (1991) , Becker and Gerhart (1996), and Huselide (1995) , the human resource management studies have shifted their focus to other domains. The most coherent research cluster in the field is the relationship between personality and job performance. In a meta-analysis of research on various predictors of job performance, Hunter & Hunter (1984) found general cognitive ability to be the most valuable predictor for entry-level jobs. Furthermore, the use of selection that is associated with high predictive validity can facilitate the detection of highly productive employees and the optimization of the person-job-organization fit. Meta-analytic studies and others (Barrick & Mount, 1991; Tett et al., 1991; Salgado, 1997; Schmidt & Hunter, 1998) suggested that personality traits, as measured by the "Big Five", have considerable utility for predicting how people behave and perform in the workplace. Evidence showed that specific personality traits are related in predictable ways to performance in certain kinds of jobs. Specifically, Barrick and Mount (1991) found that one dimension of personality, Conscientiousness, showed consistent relationships with all job performance criteria for all occupational groups. In a meta-analysis of the Big Five in the European Community, Salgado (1997) found that Conscientiousness and Emotional Stability are valid predictors across job criteria and occupational groups. Practically speaking, the last decade has witnessed a revolution in personnel selection largely due to the publication of the Big Five and its significant correlations with important job criteria (Barrick & Mount, 1991; Salgado, 1997) . From a different perspective, Hough (1992) demonstrated that when prediction of specific criteria is at stake, the Big Five may fail to provide the level of specificity required for understanding the personality effects on criteria such as specific attitudes and intentions, job performance and satisfaction, or multicultural success. In addition, Ones et al. (1993) suggested that conscientiousness appears to be the underlying factor in personality-based integrity tests.
Although the Big Five dimensions of personality became the main research stream in the human resource management studies, scholars proposed other prospects. For example, Schmidt & Hunter (1998) found that cognitive ability is a typical predictor of both job and training performance; general mental ability is known to effectively influence and predict job performance. Also related to this topic, Borman & Motowidlo (1997) differentiated behaviors of contextual performance and task performance in personnel selection and its meaning to personnel selection research. A relatively small cluster consisted of Cohen and Cohen (1983) and Hofstede (1980) , both of whom are well-known statistics scholars and their appearance in the picture showed that research methodology in the human resource management studies is gaining momentum.
Other cluster of scholars focused their research on selection procedure. Many researches focused on the fairness perceptions of organizational decisions, collectively termed as distributive justice, and on the fairness perceptions of the processes used to make organizational decisions, known as procedural justice. Considerable progress has been made to a better understanding of the factors in such perceptions (Gilliand, 1993; Ryan & Ployhart, 2000) . Gilliland's (1993) justice model of applicant reactions to selection procedures suggested that applicants are liked to respond negatively. His model categorizes procedure justice rules into three broad categories: formal characteristics (i.e. job relatedness, consistence); explanation (i.e. feedback, information known); and interpersonal treatment (i.e. two-way communication, treatment at test site). Gilliland (1993) asserted that these rules influenced perception of fairness of the selection procedure, which, in turn, influenced applicant's perceptions of the organization. The positive relation between self-efficacy and performance had also been supported with respect to cognitive ability employment tests (Bauer et al., 1998; Ryan et al., 1998) . In addition, Smither et al. (1993) pointed out that applicant reactions to selection led to the pursuit and acceptance of job offers through perceptions of attractiveness. Using the human resource management studies between 1996 and 2005 collected in SSCI, this study demonstrates the application of the INK model in identifying the most influential scholars and publications that have defined the development and growth of the human resource management studies and further in mapping an intellectual structure in human resource management area. The mapping results clearly showed clusters research topics in different periods in the human resource management studies and reflected the shift in research paradigm. In addition, this model can help us obtain a better understanding of the concepts, ideas, frameworks, and theories of human resource management by tracing the research path and mapping the paradigm shift through the cited references. The development of such a model of the invisible network of knowledge production is an important step forward in systematizing the use of citation data for the study of human resource management research. Besides the importance of the intellectual structure of knowledge production of human resource management studies revealed in this paper by using the INK model, this model also has important implications for the epistemology of any scientific field.
